Synthesis and biological effect of halogen substituted phenyl acetic acid derivatives of progesterone as potent progesterone receptor antagonists.
In this paper, we report the relative binding affinities to the progesterone receptor (PR) of several progesterone derivatives containing an acetoxyphenyl substituent at C-17 and their structure-bioactivity relationship. The inhibitory effect to ovulation as well as their function as interrupters of endometrial maturation is also described. The biological activity of the novel steroids was determined in vivo and in vitro experiments using female cycling mice, which were synchronized for estrus with luteinizing hormone-releasing hormone (LHRH) and injected with the steroidal compounds. The cytosol used for the determination of the PR, was obtained from the uteri of adult estrogen-primed rabbits and the androgen (AR), mineralocorticoid (MR) and glucocorticoid (GR) receptors were determined in the cytosolic fractions from the prostate of castrated rats and from the kidneys and livers of adenalectomized male rats. We evaluated six related steroidal compounds 8a-8f differing in the nature of the 17alpha ester side chain for the inhibition of [3H] R5020 binding to the PR. The IC50 values for the displacement of [3H] R5020 binding to the PR and its relative binding affinities (RBAs) were determined. Progesterone and R5020 had similar IC(50) values; steroids 8a, 8f and 8c bind to the progesterone receptor with RBAs of 100%, whereas 8e, 8b and 8d have RBA values <100%. These data indicate that there is a relationship between the structure of these steroids and their binding activity to the progesterone receptors. Having demonstrated in this study that steroids 8a-8f bind to the PR, we also evaluated the receptor's selectivity, since some progesterone derivatives bind to AR, MR, GR receptors. We demonstrated that the tested steroids did not bind to the AR, MR, GR, since none of the steroids inhibited the labeled mibolerone, aldosterone or dexamethasone binding to the AR, MR or GR, respectively. These results show that the novel compounds have certain selectivity for the PR. After LHRH treatment, the mice of the control group showed the presence of ova in the oviduct, whereas the animals treated with steroids 8a, 8f, 8e and 8c with RBAs of 92-100%, did not exhibit any ovum in the oviducts. As a result of this study, it is evident that the novel steroids 8a, 8f, 8e and 8c inhibited the ovulation in these animals at dose of 0.22 mg/kg. After the treatment with LHRH, the uterus of the control group showed the typical progestational activity with an enlarged endometrial thickness with secretory activity. However, the endometrium of the mice treated with steroids 8a, 8f, 8e and 8c (with RBAs of 92-100%) neither did show any enlargement of the endometrium, nor a secretory activity could be detected. The diameter of the uterus was also significantly reduced compared to those of the control group, thus indicating that compounds 8a, 8f, 8e and 8c had antagonistic activity in this tissue. The overall data showed that steroids 8a, 8f, 8e and 8c have a high and selective binding activity to the PR. Furthermore there is a relationship between the structure of these steroids and their binding activity, since the presence of fluorine atom in meta position in the acetoxyphenyl substituent at C-17, improved the binding activity as compared to that for the ortho and para positions. These data also demonstrated that 8a-8f have an anti-progestational activity in vivo, and therefore they have better characteristics than the compounds previously reported.